Coca-Cola's water quality criteria for carbonated beverage process water include an absence of chlorine residual and total trihalomethanes (THMs) below the local drinking water standard or, in the absence of a local standard, the WHO standard is used. Presence of chlorine residual in feed water used for production of carbonated beverage process water is of a concern as chlorine free water is needed for production of carbonated beverages. GAC is used in the bottling industry primarily for de-chlorination of municipal chlorinated water and/or process water subjected to inplant chlorination at chlorine doses of several mg/L. In addition to de-chlorination GAC is also required for the removal of THMs. This study assessed the proportion of chlorine, TOC and THMs' before and after the GAC filters. It also compared the removal efficiency of two weeks and four year GAC filters and finally evaluated the effectiveness of steam regeneration of GAC. Samples were taken from before the treatment plant and influent and effluent of the GAC filters for the analysis of TOC, UV and THMs determination. The result showed that 8.8 % TOC removal in the filters and based on the SUVA value. The low removal of TOC was related to non humic substance, relatively low hydrophobicity, less aromatic and of lower molecular weight of the TOC. Comparison of two week and four years in service old GAC reveals THMs breakthrough of 3.8 and 58 % at the end of one steam regeneration cycle for EBCT of 2.41. This suggests that steam regeneration is only partially recovering THMs adsorption capacity. .
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150 ISSN: 2220-184X impact on the processing water and has a risk of THMs formation. To address this, the treatment plant has three granular activated carbon (GAC) filters operated in parallel figure 2 with different age of filter media (new to four years old). The GAC is replaced typically once in four years.
Coca-Cola has a guideline for THMs of 100µg/l. GAC filtration used by the Coca-cola water treatment plant differs from the municipal drinking water practice in a number of ways. First, only virgin, not thermally regenerated, GAC is used. Second, steam and/or high-temperature water is used weekly to sterilize the GAC (to inhibit microbial activity) as well as to regenerate THMs adsorption capacity. And last, GAC filters are periodically backwashed based on a regular maintenance schedule. GAC filters need to be backwashed to remove particulate debris that accumulates on the surface of the GAC and to prevent channeling and short circuiting of water via filter bed (Liu and Han, 2007; Macquarrie and Wilton, 2002) .One factor that introduces the need for GAC backwashing is formation of calcium carbonate in the bed. Calcium in the form of CaO exists in all activated (or reactivated) carbon types which are available in the market which causes deposition of calcium carbonate in the bed of GAC (Orlandini, 1999) . In the past the backwashing of GAC filter was done once in two weeks. However, better removal of microbes was obtained when frequency of the backwash was recently increased to once per week. The regeneration of GAC media in the Antwerp treatment plant is based on use of hot water at a temperature of 85-95 o C
for 6 hrs at a pressure of 4 bars. Backwashing of filter media is applied before and after regeneration, where the second backwash serves for cooling of the media. The company has a plan to lower the life time of filters from four years to three years and to change one filter media per yearto keep optimum removal efficiency. The treatment plant has a plan to install UV disinfection and polishing membrane filtration of 10µm after GAC filter, which will help in the removal of micro organisms possibly present in the treated water after GAC filters. Dechlorination by GAC makes the GAC more brittle because it destroys some of the GAC by chemical reduction. Brittle carbon is then sensitive to increased breakup during backwashing leading to operational problem due to high head loss development. To avoid frequent backwash due to head loss development, GAC of 12x40 US Standard mesh (1.68x0.42mm ) or similar activated carbon is used (Edward, 2005; Letterman, 1999) .
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Presence of chlorine residual in feed water used for production of carbonated beverage process water is of a concern as chlorine free water is needed for production of carbonated beverages.GAC is used in the bottling industry primarily for de-chlorination of municipal chlorinated water and/or process water subjected to in-plant chlorination at chlorine doses of several mg/L .In addition to de-chlorination GAC is also required for the removal of THMs.
Coca-Cola's water quality criteria for carbonated beverage process water stipulates chlorine residual of 0 mg/l and THMs below 100µg/l. This study assessed first the proportion of chlorine, TOC and THM's before and after the GAC filters. Second, it compared the removal efficiency of GAC filters and removal efficiency of new and old GAC filters. And finally, it assessed the effectiveness of steam regeneration of GAC as applied in full scale Coca-Cola water treatment plant, in Antwerp.
ANALYTICAL INSTRUMENTS AND ANALYSIS
In the Antwerp Coca-Cola treatment plant three GAC filters of 2.2 m diameter and media depth of 1.18m are operational. Each filter is filled with 4.5 m 3 of Calgon F200 GAC (the physical properties are listed in Table 1 ).The full scale GAC filters have three sampling points at about 40 cm intervals: top; middle and bottom along the depth as shown in figure 3 . For the analysis of THMs samples were taken from old (four year service) and new filter media (two weeks service)
at five different sampling points; three points along the filter depth, and one before and one after the GAC filters. 
. UV absorbance (UVA515)
Spectrophotometer was used at a wave length of 515nm to calibrate chlorine measuring test kit.
De-mineralized sample was used as a blank in 1 cm of quartz cell and run at the start of the measurement to auto zero the spectrometer. Care has been taken not to have stain on the surface and air bubbles inside of the cell wall, as these affect the measurement. Cuvett was flushed thoroughly with Milli-Q water between samples and was rinsed with each sample before being filled. Finally the absorbance reading was recorded immediately to avoid error due to volatility of chlorine.
UV absorbance (UVA254)
UV absorbance measurement at a wavelength of 254 nm was carried out by Perkin Elmer UV/VIS Spectrophotometer using 1 cm cell of type QS suitable for wavelength below 300 nm.
Care has been taken not to have stain on the surface and air bubbles inside of the cell wall, as these affect the measurement. Cuvett was flushed thoroughly with Milli-Q water between samples and was rinsed with each sample before being filled.
TOC analyzer
TOC measurements were conducted to reflect the natural organic matter content of the raw water using Dohrmann DC-180 Total Organic Carbon Analyzer (USA). The TOC determination procedure followed that outlined in Standard Method No. 5310C in (APHA, 1998).
Gas Chromatography
Gas chromatography (GC) method use headspace for the determination of volatile halogenated hydrocarbons in the samples. Chloroform was detected by an electron capture detector (ECD).
Identification was based on retention time while quantification is based on the intensity of the ECD signal using a five-point calibration. During sample preparation 5 ml of sample using pipette was added into a 20 mL headspace vial and the vial was closed with a crimp cap with a silicon septum. The sample was heated in a closed headspace vial in order to obtain equilibrium between the concentration of the volatile halogenated hydrocarbons in the headspace above the sample and the concentration in the sample. By purging the headspace with Helium, the volatile hydrocarbons in the headspace were transferred to the GC where they were separated. The components were detected by an ECD and calibration curve and control standards were observed using software (Turbochrom 11.16 minutes for chloroform and bromoform respectively) while quantification was based on the intensity of the ECD-signal using a five-point calibration. These retention times slightly vary due to aging of the column and were corrected. The quantification of the components was done automatically by the software using linear regression of the second order. When the results were below the detection limit it was expressed as less than 0.5 μg/L and 2 μg/L for concentration of Chloroform and THMs respectively. But, when the result of one of the components was more than 50 μg/L, the samples were diluted and re-analyzed.
RESULTS AND DISCUSSION
Results obtained from full scale plant in Antwerp Coca-Cola Company are presented and discussed as follows.
Assessment of full scale GAC filters at Coca-Cola Plant in Antwerp
For removal of chlorine residual and THMs Antwerp treatment plant applies granular activated carbon (GAC) filters. In the treatment plant weekly steam regeneration is applied for microbial sterilization and removal of chlorine and/or THMs. Samples were taken from Antwerp CocaCola plant and onsite measurement of pH and laboratory measurement of TOC and UV 254 were analyzed and tabulated in table 2. The result showed 31% TOC removal from the inlet of the municipal drinking water (inlet to treatment plant) up to the inlet of GAC filter. On the other hand only 8.8% TOC removal was achieved inside the GAC filters. The SUVA value was computed by dividing UV 254 (cm -1 ) by TOC(mg/L). When the SUVA value is less than 3L/ m-mgC, the effect of TOC on the coagulant dosage may be negligible and relatively low removal percentage( 20-50%) are likely (Kim and Kang, 2008) . Hence the result showed that the upstream treatment before GAC filter, removes the TOC efficiently (31%). On the other hand the TOC removal of GAC was not effective due to the non humic nature, relatively low hydrophobicity, less aromatic and of lower molecular weight of the TOC which is indicated by the low SUVA value (<2 L/m-mgC). The other reason for the low removal of TOC by GAC media could be the lower EBCT (Crittenden et al., 1989 , Letterman, 1999 .
Chlorine concentration in the plant
The Coca-Cola treatment plant receives city water of Antwerp which has been chlorinated for the purpose of disinfection. In the treatment plant also chlorination (1-3ppm) is applied as a safety measure. The free chlorine concentration after GAC filtration is consistently below the detection limit of 0.02mg/l which shows effective removal of chlorine by GAC filters.
THMs concentration in the plant
The study focused on the four common types of THMs covered by the regulations; namely The more chlorine present in the THMs structure, the more difficult would be its removal with GAC resulting in faster breakthrough as shown in figure 5 . Previous results at the plant showed ISSN: 2220-184X also same order of removal of THMs by GAC filter as shown in table 3and also the city water concentration of THMs is not uniform. The reason for this might be the seasonal variation of TOC in the source water. The result is in agreement of previous researches to mention Potwora (2006) also showed the brominated methane's are more strongly adsorbed than chloroform. 
THMs removal with fresh GAC filter media
One GAC filter of two weeks service filled with Calgon F200 media were considered for this study. Samples were taken, from the filter with new GAC media, during two consequent filter run cycles of one week followed by steam regeneration. In addition, one additional sample was taken at the start of the third regeneration cycle. Due to limited number of samples that had been analyzed in the laboratory, effluent samples were taken only for the top sampling point. Top sampling point is chosen to get much pronounced effect of the breakthrough curve. The THMs removal efficiency of new GAC media is reasonably high (about 97 % removal of THMs per one regeneration cycle), but still there were some levels of THMs residuals after the filter is regenerated.
Results shown in figure 6 and figure 7 clearly show that the chloroform appears first in the treated water which indicates that GAC has lower capacity for chloroform. Figure 6 shows THMs breakthrough where as Figure 7 shows breakthrough of each species. Analysis of THMs species in filtrate taken at the top sampling point for GAC filters with filter media four year in service showed chloroform and bromoform breakthrough of up to 80 and 40 % respectively. The result confirmed that the more chlorine attached to a THMs species the less it is adsorbed on GAC.
Chloroform breakthrough was increased from 3 to 20 percent in the top 40 cm for the two week and four year old filter media respectively. Similarly bromoform was completely absorbed in one week service filter and breakthrough of 40 percent was observed for four year service GAC media at the top 40 cm. This shows that the ineffectiveness of steam regeneration for removal of THMs species.
The removal of THMs with old GAC media along the bed depth is shown in Figure 10 . It is observed that 60 percent and 14 percent THMs' breakthrough occurred for EBCT of 2.41 min (top sampling point) and 7.12 minute (GAC effluent water) respectively showing removal efficiency of 77 percent between top sampling point and effluent water. This is due to ineffective long term steam regeneration and also possibly due to trapped contaminants that blocked the micro-pores. 
Comparison GAC filters with new and old media
Comparison of performance of GAC filters with four years old GAC showed large reduction in The main reason for decrease of the THM's adsorption capacity of GAC media in four year period might be due to trapped contaminants in GAC media that cannot be recovered by steam regeneration and breakage of carbon during back washing. And it might be due to development of steep breakthrough curve caused by frequent regeneration and backwash (VanLier, 1989; Edward, 2005) . Figure 11 . Effects of filter runtime and GAC age on THMs infiltrate concentration at the top sampling point (40cm depth) of full-scale GAC filter.
In Antwerp treatment plant since the feed water is low turbid and backwashing greatly reduce GAC performance it is advisable to minimize the frequency of backwash. The mass transfer zone will be disrupted due to back washing, which in turn causes premature breakthrough of contaminants. If Backwashing is necessary (due to high head loss or microbiology) it should be done carefully not to introduce oxygen to the GAC media which may cause precipitation of calcium carbonate (or metals) or significant biological growth. However backwash does not affect DOC removal (Letterman, 1999; Henke and Speitel, 1998) .
Since, backwashing is the process of reversing the flow through a media bed with enough velocity to dislodge any material caught in void spaces or attached to the media. The backwash ISSN: 2220-184X velocity shall be conducted according to supplier manual. However, during backwashing care
shall be taken to minimize segregation and much disruption of mass transfer zone. In general, as per the suppliers of Calgon F200 backwash bed expansion of 20 % shall be maintained for effective media clearing.
CONCLUSION
GAC is applied in carbonated beverage water industry for removal of chlorine, THMs and possibly other contaminants. Considering dechlorination and THMs removal need for GAC regeneration is controlled by THMs breakthrough. The result showed 28.4% TOC removal in the GAC filters comparing to TOC removal in the upstream of GAC filters. The SUVA value showed that the low removal of TOC before GAC filter (31%) was due to the non humic nature, relatively low hydrophobicity, less aromatic and of lower molecular weight of the TOC. 
